WO 2005/011124 

1 

Method and arrangement for multichannel analog/digital conversion 
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The invention relates to an arrangement and a method for multichannel 
analog/digital (A/D) conversion, in which in a first and second channel respectively in a first 
or second channel provision area a first and second analog signal awaiting conversion is 
sampled by a respective first and second S/H (Sample & Hold) element and the respectively 

5 stored sample value thereof is applied as a channel sample to a first and second input of an 
analog multiplexer for selection, wherein the processing of the respective channel sample 
then takes place in a processing cycle of all channels by said channel sample being selected 
in the analog multiplexer by a digital selection control signal for the analog/digital 
conversion and provided as analog selection signal at an output of the analog multiplexer and 

10 after the respective channel provision area being converted in an analog/digital converter. 

With the increasing use of digital signal processing, there is also a great trend 
for making analog signals available for digital signal processing by means of analog/digital 
conversion. 

In the prior art, it is frequently seen that in order to use digital signal 
15 processing even a number of analog signals have to be converted into digital signals. 

An analog/digital converter, based on most use cases, is an expensive circuit 
part. In it, besides any resistor network, the reference generation forms a large part of the 
converter. 

Attempts are thus aimed at simplifying analog/digital converters and/or using 
20 them in a multiple manner. This is all the more urgent when the conversion of analog signals 
is provided, which as dynamic signals change very quickly and as a result one or more 
sample & hold elements have to be connected upstream of the necessary analog/digital 
converter. 

Moreover, providers of integrated circuits try to minimize the IP costs and the 
25 resulting risk by using the same design or a design with minimal changes as far as possible 
for all necessary converter types. Each type of converter is operated differently close to its 
original design limits. 
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The prior art can thus be outlined very well using the example of the current 
market situation in the case of wireless networks and radio transmission systems, e.g. WLAN 
and Bluetooth. 

This market situation is shaped by the customers' desire to make it possible for 
5 a number of radio systems to be available simultaneously on one (universal) solution. 

To date only a few multi-WLAN/WAN/PAN solutions are available on the 
market on account of the expensive circuit technology. As the simplest solution in the circuit 
design strategy, the signal processing paths of all radio systems are implemented in parallel. 

This requires, for example, two analog/digital converter blocks which in the 
10 known solutions are usually provided as two identical blocks for the receive path and the 
receive signal strength. The analog/digital converter for the latter signals may, however, be 
designed with a lower sampling rate. The lack of such analog/digital converter blocks that 
can be adapted to different conversion rates or triggered by external detection signals 
prevents universal interfaces from coming onto the market. 
15 It can be seen that a circuit design strategy which provides, even in the case of 

different requirements in terms of the sampling rate or when observing technical limits of 
analog/digital converters that can be triggered externally, a multiple provision of ready-made 
solutions is not optimal. 

With regard to the increased circuit costs, this strategy thus proves to be 
20 disadvantageous on the one hand on account of the high space requirement and the small chip 
surface and on the other hand on account of the high power consumption due to the circuit 
parts which have excessive capability. 

One object is thus to provide a method in which the analog/digital conversion 
of a number of analog signals takes place on one chip such that costs are saved during chip 
25 production and energy is saved during use of the chip by the analog/digital conversion of the 
individual analog signals being adapted to the technical characteristics of their subsequent 
signal processing. 

The solution to this object according to the invention provides that an expiry 
of the multichannel analog/digital conversion calculated in a channel controller or defined by 
30 hardware by an expiry controller is valid for the respective entire channel including the 
detection of the channel sample in a first or second channel provision area. 

Another embodiment of the solution to the object according to the invention is 
achieved in that an order of processing the channel sample detected in the respective first or 
second channel provision area, which channel sample is provided by the analog selection 
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signal in an A/D conversion provision area and then converted by the A/D converter, is 
calculated and determined individually for each channel sample by a channel controller. 

From the solutions according to the invention that are described above it can 
be seen that, regardless of whether the detection of the sample takes place individually or 
5 internally in a clock-controlled manner, the resource of the A/D conversion potential is 

managed in a manner optimally adapted to the signals of the respective channel which arise. 

A further embodiment of the solution to the object according to the invention 
is that the calculations created in the channel controller for the expiry of the multichannel 
analog/digital conversion are valid exclusively for detecting the channel samples in the first 
10 or second channel provision area, wherein the detection of the channel sample present in the 
first or second channel provision area is respectively triggered by a first and second external 
detection signal. 

One variant of the solution to the object according to the invention is that a 

multichannel analog/digital conversion that continues the detection of the channel sample 
15 present as analog signal in the first and/or second channel provision area is initiated in the 

A/D conversion provision area by an external conversion request signal which thus deposits a 

conversion request in the channel controller. 

A special variant of the solution to the object according to the invention is that 

additional data of the detected channel sample, which qualify an individual calculation of the 
20 time for processing a respectively detected channel sample in the channel controller, are 

notified to the channel controller with the triggering of the conversion request by the 

additional external conversion request signal. 

One special refinement of the inventive solution is obtained in that the 

additional data, which are respectively notified to the channel controller with the detected 
25 channel sample upon triggering of the associated conversion request signal, are an initial 

priority date, an increase rate of the priority per unit time, and an overall and a minimum 

validity period. 

One preferably special solution to the object according to the invention 
provides that the conversion request signals are fed to the channel controller together with the 
30 additional data on a data bus. 

A further variant of the solution to the object according to the invention is 
obtained in that the rules for individually calculating the time for processing a respectively 
detected channel sample are derived by means of metrics implemented in the channel 
controller. 
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One embodiment of the further variant of the solution to the object according 
to the invention is obtained in that all signal-influencing times which lead to a shortening of 
the validity of a channel sample compared to its individual sampling period within the first 
and/or second channel from the first and/or second S/H element to the A/D S/H element 
5 upstream of the A/D converter are combined to form an invalidity period and with their 
invalidity period form a configuration variable that influences the metrics. 

One special variant of the solution to the object according to the invention is 
obtained in that one configuration variable that influences the metrics is the residual validity 
of a channel sample. 

10 Another special variant of the solution to the object according to the invention 

is shown in that one configuration variable that influences the metrics is the minimum 
sampling period of a channel sample. 

One important refinement of the inventive solution is obtained in that the 
residual validity of a channel sample, which results from the currently remaining validity 
15 period of a respective channel sample present as analog signal in the respective assembly 
. defining the analog signal, is determined in the form of a realized integrator assigned to this 
analog signal. 

In this case, the integrator initial value which represents the validity period 
that has passed is presently monitored. If this value exceeds the representing value of the 
20 overall validity, expiry of the validity period is ascertained. 

Otherwise its difference from the representing value of the overall validity is 
the representing value of the remaining validity period. 

A likewise special variant of the solution to the object according to the 
invention is obtained in that one configuration variable that influences the metrics is the 
25 randomly predefined priority of a channel sample. 

One refinement of the inventive solution is obtained in that the respectively 
currently remaining validity period of the output signals of all the assemblies defining the 
analog signals in the first and second channel provision area is known to the channel 
controller and the remaining validity period is continuously determined anew in advance, and 
30 in that the next signal processing step in the respective assembly defining the analog signal is 
thus triggered by the channel controller. 

A further refinement of the inventive solution is obtained in that in the case of 
expiry of the validity period of one of the output signals of the assemblies defining the analog 
signals being determined by the channel controller in the first and second channel provision 
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area, an error signal assigned to the respective output signal is output by the channel 
controller. 

As an alternative, in the case of an available first S/H buffer memory or first 
further buffer memory or second S/H buffer memory or second further buffer memory these 
5 output signals are buffer-stored by means of a first buffer memory control signal or first 
further buffer memory control signal or second buffer memory control signal or second 
further buffer memory control signal. 

One important variant of the solution to the object according to the invention 
is obtained in that one configuration variable that influences the metrics is the buffer-storage 

10 that has taken place of a channel sample in a first and/or second S/H intermediate element 
and/or a first and/or second further buffer memory. 

One further fundamentally different variant of the solution to the object 
according to the invention is obtained in that the maximum conversion rate with which the 
analog selection signal is A/D-converted in the A/D conversion provision area is in a ratio Vj 

15 (i -channel index) to the respective detection rate of the first and second analog signal in the 
first and second channel provision area, said ratio being respectively settable by the channel 
controller and being averaged over the period of an overall processing cycle. 

By means of this respectively averaged ratio Vi, V2 in the first and second 
channel a control signal regime generated by the channel controller is produced, wherein 

20 during the overall processing cycle, which is composed of successive processing part-cycles, 
the order and frequency of processing a respective channel sample of the first and second 
channel provision area is selected by this control signal regime in the processing part-cycles 
such that by means of the thereby set respective averaged ratio Vi, V 2 of the respective 
detection rate in the first and second channel to the maximum conversion rate during the 

25 period of the overall detection cycle in the A/D conversion provision area it is ensured that 
the time required to detect the overall number of channel samples of the first and second 
analog signal detected within the first and second channel provision area with the 
respectively set detection rates is balanced out with the time required to A/D-convert all these 
values provided as analog selection signal in the A/D conversion provision area. 

30 The channel controller will determine the value of the sum of the detection 

rates in the first and second channel provision area and if it exceeds the value of the 
maximum conversion rate in the A/D conversion provision area will output an error signal. 
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The detection of the first and second analog signal in each case takes place by 
memories in the first and second S/H element, which is triggered by means of a first and 
second S/H control signal by the channel controller with the respective detection rate. 

In order to provide the analog selection signal the analog multiplexer is 
5 actuated by the selection control signal in accordance with the control signal regime of the 
channel controller. 

The subsequent A/D conversion of the analog selection signal is carried out by 
actuating the A/D converter with the A/D conversion signal, which in each case is carried out 
by the channel controller in accordance with the control signal regime with the desired 
1 0 conversion rate. 

This solution is aimed at performing, according to the invention, the 
analog/digital conversion in the individual channels in a manner interleaved over time such 
that the A/D (analog/digital) converter is optimally loaded by multiple use in the first and/or 
second channel. 

15 By means of the first and second S/H (sample & hold) control signal and the 

analog selection control signal that are in each case output by the channel controller, the 
duration and order for the detection of the individual sample values of the first and second 
channel provision area are optimally determined and fixedly predefined. 

In this case, in the A/D (analog/digital) conversion provision area, the A/D 

20 conversions are carried out such that within an overall processing cycle at least one sample 
value of a respective channel is detected and A/D-converted, wherein the overall processing 
cycle consists of one or more part-detection cycles which are likewise configured by the 
channel controller. 

If there is an overall detection cycle with more than one part-detection cycle, 
25 then within the processing of the respective part-detection cycle not necessarily at least one 
sample value of a respective channel has to be detected. In respectively different part- 
detection cycles, different combinations of the detected sample values are produced in the 
first and second channel provision area. 

During the processing of the part-detection cycles within an overall detection 
30 cycle, therefore, no respectively fixed ratio of the conversion rate of the analog selection 

signal to be converted in the A/D conversion provision area to the respective detection rate of 
the first and second analog signal in the first and second channel provision area is yet formed. 
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This fixed ratio is only formed following expiry of the overall detection cycle, 
wherein the proportional number of the respective average ratio is deduced from the range of 
fractional numbers. 

One variant of the solution to the object according to the invention is obtained 
5 in that the respective average ratio Y\ of the respective detection rate of the first and second 
analog signal (1 1, 12) in the first and second channel provision area to the maximum 
conversion rate of the analog selection signal in the A/D conversion provision area is 
characterized by the ratio: 

Vj: . . . : V n (i - channel index, n - channel number) 
1 0 with the subsidiary condition: 

where: i - channel index 1, 2, ... i ... n (i is a natural number), 
n - channel number (n is a natural number), 
Ui - channel factor (fractional number), with Ui > 1 . 
15 In this case, with a channel factor greater than 1 the shortening of the validity 

of a channel sample can be mapped in comparison to the sampling period. 

Optionally, a buffer-storage of the first and second analog signal in the first 
and second channel provision area is carried out by means of a first and second S/H 
intermediate element or first and second further buffer memory. 
20 One special variant of the solution to the object according to the invention is 

obtained in that the respective ratio of the respective detection rate of the first and second 
analog signal in the first and second channel provision area to the maximum conversion rate 
of the analog selection signal in the A/D conversion provision area is binary-weighted and is 
characterized by the ratio equation: 
25 Vj: ...: ^=1/(2*): l/(2 n ) 

with the subsidiary condition: 

n 1 

where: i - channel index 1, 2, ... i ... n (i is a natural number), and n - channel 
number (n is a natural number, n > 1). 
30 For this case of the binary-weighted ratio factors Vi, it is usually possible to 

manage without buffer-storage of the first and second analog signal in the first and second 
channel provision area by means of a first and second S/H intermediate element. Optionally, 
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in the event of unfavorable implementation conditions, buffer-storage may also be carried out 
in this variant. 

A further variant of the solution to the object according to the invention 
provides that within the A/D conversion provision area a buffer-storage of the analog 
5 selection signal, triggered by the channel controller by means of the A/D converter control 
signal, is carried out in the A/D sample & hold element, wherein the A/D converter sample is 
provided at the output of the A/D sample & hold element for subsequent A/D conversion in 
the A/D converter. 

One additional variant of the solution to the object according to the invention 
10 is obtained in that an output area comprising the digital demultiplexer and connected at least 
indirectly downstream of the A/D conversion provision area comprising the analog/digital 
converter at least indirectly provides at the respective outputs of the digital demultiplexer the 
value converted for each channel by means of the demultiplexer selection signal output by 
the channel controller. 

15 These values are then buffer-stored in a first and second memory element 

assigned to the respective channel, said memory elements in each case likewise belonging to 
the output area, and read during activation of a respective first and second validity signal. 

A supplementary variant of the solution to the object according to the 
invention is obtained in that in times in which the assemblies contained in the A/D 

20 conversion provision area and in the first and second channel provision area are not being 
used, these are placed in a state of low energy consumption. 

In this case, the analog/digital converter is not performing any conversion. 
Moreover, the first and/or second S/H buffer memories and/or first and/or second further 
buffer memories are not storing any channel samples or analog selection signals. 

25 As a result, the overall energy consumption is determined by the respective 

sampling ratios of the A/D conversion signal and/or the first and/or second S/H buffer 
memory control signal and/or first and/or second further buffer memory control signal. 

A further variant of the solution to the object according to the invention is 
provided in that the multichannel analog/digital conversion takes place in the first and/or 

30 second channel and/or in a further channel, wherein the further channel is actuated by the 
channel controller by means of a control bus of the further channel. 

A supplementary further variant of the solution to the object according to the 
invention is provided in that the first or second analog signal or a further analog signal is 
input to the first and/or second channel and/or at least one further channel for processing, 
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wherein the channels that are multiple-occupied by an analog signal are actuated all 
differently or some differently by means of the associated external detection signals or S/H 
control signals. 

5 

The invention will be further described with reference to an example of 
embodiment shown in the drawings to which, however, the invention is not restricted. 

Fig. 1 shows a block diagram of the multichannel A/D conversion. 
Fig. 2 shows a timing diagram of the clock-controlled multichannel A/D 

10 conversion. 

Fig. 3 shows a timing diagram of the multichannel A/D conversion calculated 
individually for each sample. 



15 In the method of multichannel A/D conversion shown in Fig. 1, there can be 

seen the first and second channel 36; 37 and a further channel 45. These channels are 
actuated by the channel controller 4 via control lines, which control lines in the case of the 
further channel 45 have been combined to form a supplementary control bus of the further 
channel 46. 

20 The respective first, second and further analog signal 1 1; 12 and 47 pass into 

the respective channel and thus into the respective first and second channel provision area 32; 
35 and are detected there in the respective first and second S/H element 1 ; 2. There, the 
detection of the respective sample takes place optionally on the one hand by a first and/or 
second external detection signal 41 ; 42 and/or by a further external detection signal 48 or on 

25 the other hand by a first and/or second S/H control signal 17; 16, which is derived from the 
internal clock of the channel controller 4. 

Hereinbelow, in the example of embodiment, first the clock-controlled 
multichannel A/D conversion will be explained, with reference also being made to Fig. 2. 

The explanation is based on the example of those input signals in which the 

30 first and second analog signals 1 1; 12 respectively detected in the first and second S/H 
elements 1; 2 are detected with binary-weighted sampling rates. 

As can be seen in Fig. 2, the first S/H control signal 17 at its associated first 
S/H element 1 triggers detection twice as often as the second S/H control signal 16. The 
further analog signal 47 is sampled with only a quarter of the sampling rate compared to the 
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first S/H control signal 17. In accordance with the sampling rates of the analog signals, the 
associated sample values of the first and second channel sample 13; 14 are provided with the 
respective frequency at the output of each S/H element. They are present at the output of the 
respective first and second S/H element 1; 2 with a component-based delay. They are 

5 provided at the output of the multiplexer 3 as analog selection signal 15 with a further 
component-based delay. 

It is also possible to see in Fig. 2 that the individual values of the channel 
samples of a channel are present in the analog selection signal 15, interlaced in their sequence 
with the values of the channel samples of the other channels. 

10 In this present sequence, these detected samples are detected by means of the 

A/D converter S/H control signal 19 in the A/D S/H element 5 and are kept ready there for 
the A/D conversion in the A/D converter 6 which is triggered by the A/D conversion signal 
25. 

In accordance with the sequence present, the converted values are digitally 
15 applied to the output as A/D converter output signal 20. From there, these values are 

transmitted to the output area 38 and applied to the demultiplexer 7. The demultiplexer is 
actuated by the channel controller 4 via the demultiplexer selection signal 28, so that the 
selected digital values are stored in the respective first and second output storage element 8; 9 
and output when valid during the active first and second validity signal 23; 24. 
20 Preferably, the output area 38, or parts of the latter, is/are set apart from the 

rest of the circuit and formed such that a bus connected to the output of the A/D converter 6, 
with its demultiplexer and storage functions, indirectly takes over essential tasks of the output 
area 38, and directly connected demultiplexers and downstream output storage elements are 
thus no longer required. 

25 In the following explanation of the example of embodiment, the individually 

calculated multichannel A/D conversion will be explained, with reference also being made to 
Fig. 3. 

In this example it can be seen that the detection of the respective analog 
signals in respective samples is triggered by a first and/or second external detection signal 41; 
30 42 or a further external detection signal 48. No restrictions as to the sequence of the samples 
or to known signal sequences are thus given. 

The resource A/D conversion rate must in this case be managed. For this 
purpose, besides the respective conversion request triggered after a detection, use is also 
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made of all additional data supplied therewith, which additional data are provided on the 
conversion request bus 40 of the channel controller 4. 

The order of processing the channel sample 13; 14 detected in the respective 
first or second channel provision area 32; 35, said channel sample being provided by the 
5 analog selection signal 15 in an AID conversion provision area 3 1 and then converted by the 
A/D converter 6, is calculated and determined individually for each channel sample via a 
channel controller 4. For this, it uses the rules for individually calculating the time for 
processing a respectively detected channel sample, which exist with the implemented 
metrics. 

10 Compared to the above-described example of embodiment of clock-controlled 

multichannel A/D conversion, it can be seen that in this example of embodiment, 
independently of fixed ratios of the detection rate, the A/D conversion potential is managed 
in a manner optimally adapted to the samples of the respective channel which arise, 
preferably by means of the additional data which are provided via the conversion request bus 

15 40. 

As can be seen in Fig. 3, besides the triggered and thus known detection time 
of a sample 58 and the associated additional data provided in the conversion request signal 
40, an initial priority 50, an increase rate of the priority per unit time 5 1 , an overall validity 
period 61 and a minimum validity period and also an invalidity period 64 are known. 
20 The minimum sampling period 62 of the analog signal is known as a technical 

characteristic of the latter. 

Accordingly, the selected A/D conversion start 53 is determined by the 
channel controller 4 by means of the charge ramp 56 that represents the current priority 
within the residual validity time 52. 

25 
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